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$EVWUDFW� ,Q OLWHUDWXUH H[LVW VHYHUDO VXUYH\ DUWLFOHV DERXW WKH 6LPSOH 3ODQW
/RFDWLRQ 3UREOHP �63/3�� ZKLFK GHVFULEHG FODVVLFDO �GXDO�EDVHG� DOJRULWKPV
DQG DOO RI WKHLU SURSHUWLHV� ,Q WKLV SDSHU DUH GHVFULEHG VHYHUDO QHZ WHFKQLTXHV
IRU VROYLQJ WKH 63/3 ZLWK FRPSDUDWLYH DQDO\VLV RI WKHLU UHVXOWV LQ SUDFWLFH� 5H�
VXOWV DUH DOVR FRPSDUHG WR GXDO EDVHG DOJRULWKPV DV EHVW FODVVLFDO PHWKRGV�

$06 VXEMHFW FODVVLpFDWLRQ� ��&��� ��&��� ������

� 3 U REOHP IRU PXODWLRQ

7KH VLPSOH SODQW ORFDWLRQ SUREOHP �63/3� LV D ZHOO�NQRZQ 13�KDUG FRPELQDWR�
ULDO RSWLPL]DWLRQ SUREOHP �>�@� DQG EDVLF PHPEHU LQ IDPLO\ RI ORFDWLRQ SUREOHPV�
7KH SUREOHP LV DOVR NQRZQ DV XQFDSDFLWDWHG ZDUHKRXVH ORFDWLRQ SUREOHP RU XQ�
FDSDFLWDWHG IDFLOLW\ ORFDWLRQ SUREOHP�
&RQVLGHU D VHW ,  I������� PJ RI FDQGLGDWH VLWHV IRU IDFLOLW\ ORFDWLRQ� DQG D

VHW -  I������� QJ RI FXVWRPHUV� (DFK IDFLOLW\ L � , KDV D p[HG FRVW IL� (YHU\
FXVWRPHU M � - KDV D GHPDQG EM � DQG FLM LV WKH XQLW WUDQVSRUWDWLRQ FRVW IURP
IDFLOLW\ L WR FXVWRPHU M�
,W KDV WR EH GHFLGHG�

IDFLOLWLHV WR EH HVWDEOLVKHG DQG

TXDQWLWLHV WR EH VXSSOLHG IURP IDFLOLW\ L WR FXVWRPHU M

VXFK WKDW WKH WRWDO FRVW �LQFOXGLQJ p[HG DQG YDULDEOH FRVWV� LV PLQLPL]HG�
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[LM UHSUHVHQWV WKH TXDQWLW\ VXSSOLHG IURP IDFLOLW\ L WR FXVWRPHU M�

\L LQGLFDWHV ZKHWKHU IDFLOLW\ L LV HVWDEOLVKHG �\L  �� RU QRW �\L  ���

� 0 HWKRGV IRU VROYLQJ 63 /3

��� &ODVVLFDO DOJRU LWKPV

7KH SUHVHQWDWLRQ RI DOO LPSRUWDQW FRQWULEXWLRQV UHOHYDQW WR 63/3 OLHV EH\RQG
WKH VFRSH RI WKLV SDSHU� 6RPH LPSRUWDQW VXUYH\ DUWLFOHV DUH >�@ DQG >�@� :H
DUH JRLQJ WR PHQWLRQ RQO\ VHYHUDO HrFLHQW DQG ZHOO�NQRZQ FODVVLFDO PHWKRGV IRU
VROYLQJ 63/3�
7KH '8$/2& DOJRULWKP E\ (UOHQNRWWHU >�@ KDV EHHQ WKH IDVWHVW DOJRULWKP IRU

VROYLQJ 63/3 IRU D ORQJ WLPH� 7KLV DOJRULWKP LV EDVHG RQ D OLQHDU SURJUDPPLQJ
GXDO IRUPDWLRQ �/3 GXDO� LQ FRQGHQVHG IRUP WKDW HYROYHG LQ VLPSOH DVFHQW DQG
DGMXVWPHQW SURFHGXUH� ,I DVFHQW DQG DGMXVWPHQW SURFHGXUHV GR QRW pQG RSWLPDO
VROXWLRQ� %UDQFK�DQG�%RXQG �%Q%� SURFHGXUH FRPSOHWHV WKH VROXWLRQ SURFHVV�
8VLQJ WKLV DOJRULWKP LW LV SRVVLEOH WR VROYH KDUG 63/3 LQVWDQFHV XS WR ��� IDFLOLW\
VLWHV DQG FXVWRPHUV�
.RHUNHO LQ >�@ VKRZHG KRZ WR PRGLI\ D SULPDO�GXDO YHUVLRQ RI (UOHQNRWWHU
V

H[DFW DOJRULWKP WR JHW DQ LPSURYHG SURFHGXUH� 7KH FRPSXWDWLRQDO H[SHULHQFH
ZLWK ODUJH�VFDOH SUREOHP LQVWDQFHV LQGLFDWHG WKDW VSHHGXS WR '8$/2& LV VLJ�
QLpFDQW �PRUH WKDQ RQH RUGHU RI PDJQLWXGH�� %\ WKLV DSSURDFK LV VROYHG 63/3
LQVWDQFHV RYHU WKH ���� IDFLOLW\ VLWHV DQG FXVWRPHUV� 8QIRUWXQDWHO\� WKLV FRP�
PHUFLDO SURGXFW KDV EHHQ SUDFWLFDOO\ XQDYDLODEOH WR XV� :H RQO\ FDQ WR DGRSW
FRQFOXVLRQ LQ SDSHU >�@� ZKLFK VD\V WKDW 3'/2& JHQHUDWHV VROXWLRQV ������
WLPHV IDVWHU WKDQ '8$/2&�
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��� ( YROXWLRQDU \ DSSU RDFKHV

7KH pUVW VLPSOH *$ PHWKRG IRU VROYLQJ 63/3 ZDV SURSRVHG LQ >��@ ZKLFK VROYLQJ
25/,% LQVWDQFHV �>�@� LQ UHDVRQDEO\ VKRUW WLPH� ,W LV VLJQLpFDQWO\ LPSURYHG XV�
LQJ D EHWWHU REMHFWLYH YDOXH IXQFWLRQ� E\ FDFKLQJ *$ DQG $GG�KHXULVWLF� )XUWKHU
LPSURYHPHQWV RI *$ RSHUDWRUV SURGXFH LPSOHPHQWDWLRQ WKDW LV FDSDEOH IRU Hr�
FLHQWO\ VROYLQJ ODUJH�VFDOH 63/3 LQVWDQFHV RYHU WKH ���� IDFLOLWLHV DQG FXVWRPHUV
�>��@ DQG >��@��
,Q WKDW DSSURDFK WKH SRSXODWLRQ VL]H LV ��� LQGLYLGXDOV DQG SRSXODWLRQ LV

UDQGRPO\ LQLWLDOL]HG LQ pUVW JHQHUDWLRQ� %LQDU\ UHSUHVHQWDWLRQ RI IDFLOLW\ VLWHV
DQG HrFLHQW REMHFWLYH YDOXH IXQFWLRQ LV XVHG� 5DQN EDVHG VHOHFWLRQ LV SHUIRUPHG
ZLWK UDQN ��� IRU EHVW LQGLYLGXDO GRZQ WR ��� IRU ZRUVW� E\ VWHS ������ 7KLV
VHOHFWLRQ VFKHPH VXFFHVVIXOO\ SUHYHQWV SUHPDWXUH FRQYHUJHQFH LQ ORFDO RSWLPD
DQG ORRVLQJ WKH JHQHWLF PDWHULDO� 8QLIRUP FURVVRYHU DQG VLPSOH PXWDWLRQ LV
XVHG DV RWKHU JHQHWLF RSHUDWRUV� ZLWK VWHDG\�VWDWH JHQHUDWLRQ UHSODFHPHQW ZLWK
HOLWLVW VWUDWHJ\� ,Q HDFK JHQHUDWLRQ RQO\ ��� RI SRSXODWLRQ LV UHSODFHG� ZLWK
��� RI SRSXODWLRQ WKDW LV GLUHFWO\ SDVVHG LQWR WKH QH[W JHQHUDWLRQ� ,Q >�@ UDQN
EDVHG VHOHFWLRQ VFKHPH �5%� LV FRPSDUHG ZLWK pQH JUDLQHG WRXUQDPHQW VHOHFWLRQ
�)*7� SURSRVHG LQ >�@� ,QFRQVLGHUDEOH EHWWHU UHVXOWV DUH REWDLQHG E\ XVLQJ )*7�
2WKHU *$ PHWKRG ZDV SURSRVHG LQ >�@ DQG WHVWHG RQ 25/,% LQVWDQFHV� ,W

DSSOLHV D FOXVWHULQJ WHFKQLTXH DV PXWDWLRQ JXLGDQFH DQG D QRYHO ORFDO VHDUFK
PHWKRG WR HQKDQFH WKH VROXWLRQ TXDOLW\ RI WKH EDVLF VLPSOH *$ VFKHPH� $ EL�
QDU\ FKURPRVRPH UHSUHVHQWDWLRQ LV XVHG DQG SRSXODWLRQ LV UDQGRPO\ LQLWLDOL]HG
LQ pUVW JHQHUDWLRQ ZLWK SRSXODWLRQ VL]H RI �� �ZLWK ORFDO VHDUFK� RU �� LQGLYLGXDOV
�ZLWKRXW ORFDO VHDUFK�� $SSOLHG FURVVRYHU UDWH �RQH�SRLQW FURVVRYHU� ZDV �����
PXWDWLRQ UDWH ���� DQG PD[LPDO QXPEHU RI JHQHUDWLRQV ZDV ���� 6LPSOH PX�
WDWLRQ RSHUDWRU LV DSSOLHG ZLWK ��� SUREDELOLW\ DQG FOXVWHULQJ WHFKQLTXH JXLGHG
ZLWK ��� SUREDELOLW\� &OXVWHULQJ GLYLGH WKH IDFLOLWLHV LQWR WKH WZR JURXSV DFFRUG�
LQJ WR WKHLU p[HG FRVWV� 2QH FRQWDLQV IDFLOLWLHV RI D KLJKHU p[HG FRVW DQG WKH
RWKHU FRQWDLQV WKRVH RI ORZHU FRVWV� ,I WKH WUDQVSRUWDWLRQ FRVWV LV VXEVWDQWLDOO\
ORZHU WKDQ p[HG FRVWV VRPH FXVWRPHUV DUH UHDVVLJQHG IURP WKH ORZHU FRVW JURXS
LQWR WKH KLJKHU FRVW JURXS�

��� 2WKHU PHWKRGV

/DJUDQJHDQ UHOD[DWLRQ DQG VXEJUDGLHQW RSWLPL]DWLRQ LV GLUHFWO\ DSSOLHG LQ >�@
DV DQ DWWHPSW WR XSJUDGH WKH VWDQGDUG '8$/2& DOJRULWKP� 7KLV SURFHGXUH
VOLJKWO\ VKDUSHQLQJ SHQDOWLHV DQG XVLQJ DOWHUQDWLYH UXOHV IRU QRGH VHOHFWLRQ DQG
WKH VHOHFWLRQ RI WKH EUDQFKLQJ YDULDEOH LQ WKH %Q% SURFHGXUH� %XW WKHVH WKHR�
UHWLFDO LPSURYHPHQWV JLYH YHU\ GHJUDGHG SHUIRUPDQFH LQ SUDFWLFH� DV FDQ EH VHHQ
LQ 7DEOH ��
,Q >��@ LV DOVR DSSOLHG VLPLODU DSSURDFK LQFRUSRUDWHG LQWR WKH /DJUDQJHDQ

KHXULVWLF IRU VROYLQJ 63/3 DQG &DSDFLWDWHG )DFLOLW\ /RFDWLRQ 3UREOHP �&)/3��
7KLV KHXULVWLF DFFHOHUDWHV D FODVVLFDO VXEJUDGLHQW PHWKRG� XVLQJ WKH ORFDO LQ�
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IRUPDWLRQ RI WKH VXUURJDWH FRQVWUDLQWV UHOD[HG LQ WKH /DJUDQJHDQ UHOD[DWLRQ�
6HYHUDO FRPSXWDWLRQDO WHVWV LQ WKDW SDSHU FRQpUP WKH VXSHULRULW\ RI WKLV VFKHPH
FRPSDUHG WR FODVVLFDO /DJUDQJHDQ KHXULVWLF�
7DEX 1HXUDO 1HWZRUN �7$11� LQ >��@ LQWHJUDWHG DQ DQDORJ YHUVLRQ RI WKH

VKRUW WHUP PHPRU\ FRPSRQHQW RI WDEX VHDUFK ZLWK QHXUDO QHWZRUNV WR JHQHUDWH
D PDVVLYHO\ SDUDOOHO� DQDORJ JOREDO VHDUFK VWUDWHJ\� 7$11 ZDV DSSOLHG RQ 63/3
LQVWDQFHV RI VPDOO GLPHQVLRQV ��� d ��� �� d �� DQG �� d ���� 2EWDLQHG VROX�
WLRQV KDYH HUURU PRUH WKDQ ��� IURP RSWLPDO RQHV� ZKLFK PHDQV WKDW 7$11 LV
FRPSOHWHO\ XVHOHVV LQ SUDFWLFH�

� 3 HU IRU PDQFH FRPSDU LVRQ

,Q WKLV VHFWLRQ DUH VXPPDUL]HG UHVXOWV RI SUHYLRXVO\ GHVFULEHG DSSURDFKHV� ,Q�
VWDQFHV RI HTXDO VL]H DUH JURXSHG DQG DYHUDJH YDOXH LV UHSRUWHG� 7KH FROXPQV
LQ 7DEOH � DQG � GHVFULEH�

s 1DPHV RI 63/3 LQVWDQFHV�
s 'LPHQVLRQV P DQG Q RI LQVWDQFHV LQ WKDW JURXS�

s 5HVXOWV REWDLQHG IURP >�@ RQ 3HQWLXP 3&����0+] UHSUHVHQWHG E\� QXP�
EHU RI RSWLPDOO\ VROYHG LQVWDQFHV� RYHUDOO UXQV DQG UXQQLQJ WLPH LQ VHFRQGV�

s 5HVXOWV IURP >��@ RQ $0' ���������0+] UHSUHVHQWHG RQ VDPH ZD\ DV
SUHYLRXV �ZLWK 5% VHOHFWLRQ VFKHPH��

s 5XQQLQJ WLPHV RI 5% DQG )*7 VHOHFWLRQ VFKHPHV UHVSHFWLYHO\ �>�@� RQ
3HQWLXP ,,,����0+]�

s '8$/2& %Q% �>�@� UXQQLQJ WLPHV LQ VHFRQGV RQ $0' ���������0+]�
1RWH WKDW '8$/2& IRXQG RSWLPDO VROXWLRQV DQG SURYHG WKDW WKH\ DUH
RSWLPDO IRU LQVWDQFHV ���04 DQG � LQVWDQFHV LQ 05 JURXS�

s '8$/2& ZLWKRXW EUDQFKLQJ �RQO\ 'XDO DVFHQW � 'XDO DGMXVWPHQW SUR�
FHGXUHV� RQ $0' ���������0+]�

s 3HUIRUPDQFHV RI DOJRULWKP JLYHQ LQ >�@ LQ VHFRQGV RQ ��������0+] �DOO
VROXWLRQV DUH RSWLPDO��

s 5HVXOWV RI /DJUDQJHDQ KHXULVWLF �>��@� RQ ,%0 ���� �$7 ZRUNVWDWLRQ�
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7DEOH �� 5HVXOWV RI HYROXWLRQDU\ DSSURDFKHV

,QVWDQFH 'LPHQVLRQ +RUQJ� .UDWLFD 5% )LO� 5% )LO� )*7
3HQW� ��� ������� 3,,,���� 3,,,����

����� ��d �� ������� ����� ������� ���� ���� ����
������ ��d �� ������� ���� ������� ���� ���� ����
������� ��d �� ������� ����� ������� ���� ���� ����
$�& ���d ���� ������ ������ ����� ���� ����� �����
02 ���d ��� QRW WHVWHG ������ ���� ���� ����
03 ���d ��� QRW WHVWHG ������� ����� ���� ����
04 ���d ��� QRW WHVWHG ������� ����� ���� ����
05 ���d ��� QRW WHVWHG ������ ����� ���� ����
06 ����d ���� QRW WHVWHG ������� ����� ����� �����
07 ����d ���� QRW WHVWHG ������� ���� QRW WHVWHG QRW WHVWHG

7DEOH �� 5HVXOWV RI RWKHU PHWKRGV
,QVWDQFH '8$/2& 2SW� '8$/2& +HXU� .ORVH 2SW /RUHQD

������� ������� ������ ,%0 ������$7
����� ����� ����� ����� ����� QRW WHVWHG
������ ����� ����� ����� ����� QRW WHVWHG
������� ����� ����� ����� ����� QRW WHVWHG
$�& ����� HUURU ����� �� ��� ��� �����
02 ����� HUURU ����� QRW WHVWHG QRW WHVWHG
03 ����� HUURU ����� QRW WHVWHG QRW WHVWHG
04 � ��� HUURU ����� QRW WHVWHG QRW WHVWHG
05 ��� !�� ��� HUURU ������ QRW WHVWHG QRW WHVWHG
06 EUHDN�HUURU ������ HUURU ������ QRW WHVWHG QRW WHVWHG
07 QRW WHVWHG QRW WHVWHG QRW WHVWHG QRW WHVWHG
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� &RQFOXVLRQ

&RPSDUDWLYH UHVXOWV JLYHQ LQ SUHYLRXV VHFWLRQ VKRZV VXSHULRULW\ RI GXDO PHWKRG
'8$/2& RQ VPDOO VL]H 25/,% LQVWDQFHV� 1RWH WKDW LW DOZD\V SURGXFHV DQ
RSWLPDO VROXWLRQ DQG YHULpHG LWV RSWLPDOLW\� ,Q FODVV RI HYROXWLRQDU\ DSSURDFKHV�
RXU *$ JLYHV EHWWHU TXDOLW\ RI VROXWLRQV PRUH WKDQ �� WLPHV IDVWHU WKDQ +RUQJ
*$� HVWLPDWHG IRU HTXDO &38� DV FDQ EH VHHQ IURP 7DEOH ��
,Q WKH FDVH RI PHGLXP DQG ODUJH VFDOH LQVWDQFHV 02�07 RXU *$ LPSOHPHQ�

WDWLRQ LV TXLWH VXSHULRU WR RWKHU DSSURDFKHV �SURGXFHV EHVW UHVXOWV ZLWK PLQLPDO
UXQQLQJ WLPH�� 6SHHGXS WR '8$/2& LV PRUH WKDQ ��� WLPHV IRU 05 LQVWDQFHV
DQG ZH EHOLHYH WKDW VSHHGXS IRU LQVWDQFHV 06 DQG 07 LQFUHDVHV H[SRQHQWLDOO\
ZLWK LQVWDQFH VL]H�

5HIHU HQFHV
>�@ - �( � % HDVOH\ � 2E WDLQ LQ J 7 HVW 3 U RE OHP V Y LD ,Q WHU Q HW� - RXU Q DO RI * OREDO 2SW LPL] DW LRQ �

������ �������� K WWS ���P VFP JD�P V�LF�DF�X N �LQ IR�K WP O

>�@ '� ( U OHQ N RWWHU � $ 'X DO�% DVHG 3 U RFHG X U H IRU 8 Q FDS DFLWDWHG )DFLOLW\ /RFDWLRQ � 2SHU DW LRQ V

5 HVHDU FK �� ������ ���������

>�@ 9 � )LOLS RY LwF� 3 U RS RVLWLRQ IRU ,P S U RY HP HQ W RI 7 RX U Q DP HQ W 6 HOHFWLRQ 2S HU DWRU LQ *HQ HWLF

$ OJRU LWK P V� 0�6 F� WK HVLV� 8 Q LY HU VLW\ RI % HOJU DG H� )DFX OW\ RI 0DWK HP DWLFV� ����� �LQ 6 HU E LDQ �

>�@ 9 � )LOLS RY LwF� - � .U DWLFD� '� 7 RxVLwF DQ G ,� /MX E LwF� )LQ H *U DLQ HG 7 RX U Q DP HQ W 6 HOHFWLRQ IRU WK H

6 LP S OH 3 ODQ W /RFDWLRQ 3 U RE OHP � 3 U RFHHGLQ JV RI W KH �W K 2Q OLQ H : RU OG & RQ IHU HQ FH RQ 6 RIW

& RPSXW LQ J 0HW KRGV LQ ,Q GXVW U LDO $ SSOLFDW LRQ V � : 6 & �� ,6 % 1 � ������������� �6 HS WHP E HU

����� ��������

>�@ /�/� *DR� ( � 5RE LQ VRQ DQ G - U � 3 RZ HOO� 8 Q FDS DFLWDWHG )DFLOLW\ /RFDWLRQ � *HQ HU DO 6 ROX �

WLRQ 3 U RFHG X U H DQ G & RP S X WDWLRQ DO ( [ S HU LHQ FH� ( XU RSHDQ - RXU Q DO RI 2SHU DW LRQ DO 5 HVHDU FK

����� ������ ��������

>�@ - �7 � + RU Q J /�< � /LQ � % �- � /LX DQ G & �< � .DR� 5HVROX WLRQ RI 6 LP S OH 3 ODQ W /RFDWLRQ 3 U RE �

OHP V 8 VLQ J DQ $ G DS WHG *HQ HWLF $ OJRU LWK P � 3 U RFHHGLQ JV RI W KH & RQ IHU HQ FH RQ ( YROXW LRQ DU \

& RPSXW DW LRQ � & ( & 
�� ������ ����������

>�@ $ � .ORVH� $ & RP S DU LVRQ % HWZ HHQ WK H ( U OHQ N RWWHU $ OJRU LWK P DQ G D % U DQ FK DQ G % RX Q G

$ OJRU LWK P % DVHG RQ 6 X E JU DG LHQ W 2S WLP L]DWLRQ WR 6 ROY H WK H 8 Q FDS DFLWDWHG )DFLOLW\ /RFDWLRQ

3 U RE OHP � ,Q � 8 � 'HU LJV� $ � % DFK HP � $ � 'U H[ O� 2S HU DWLRQ V 5HVHDU FK 3 U RFHHG LQ JV �����

6 S U LQ JHU ������ ��������

>�@ 0� .RHU N HO� 2Q WK H ( [ DFW 6 ROX WLRQ RI /DU JH�6 FDOH 6 LP S OH 3 ODQ W /RFDWLRQ 3 U RE OHP V� ( X�

U RSHDQ - RXU Q DO RI 2SHU DW LRQ DO 5 HVHDU FK �� ������ ��������

>�@ - � .U DU X S DQ G 3 �0� 3 U X ]DQ � 7 K H 6 LP S OH 3 ODQ W /RFDWLRQ 3 U RE OHP � 6 X U Y H\ DQ G 6 \ Q WK HVLV�

( XU RSHDQ - RXU Q DO RI 2SHU DW LRQ DO 5 HVHDU FK �� ������ ������

>��@ - � .U DWLFD� 9 � )LOLS RY LwF� 9 �

x

6 HxVX P DQ G '� 7 RxVLwF� �6 ROY LQ J RI WK H 8 Q FDS DFLWDWHG : DU H�

K RX VH /RFDWLRQ 3 U RE OHP 8 VLQ J D 6 LP S OH *HQ HWLF $ OJRU LWK P �� 3 U RFHHGLQ JV RI W KH ; ,9 ,Q W HU �

Q DW LRQ DO & RQ IHU HQ FH RQ 0DW HU LDO + DQ GOLQ J DQ G : DU HKRXVLQ J� % HOJU DG H� < X JRVODY LD ������

���������� K WWS ���Z Z Z �JHRFLWLHV�FRP �MN U DWLFD�FP K Z ���S G I

>��@ - � .U DWLFD� 3 DU DOOHOL]DWLRQ RI WK H *HQ HWLF $ OJRU LWK P V IRU 6 ROY LQ J 6 RP H 1 3 �FRP S OHWH S U RE �

OHP V� 3 K �'� WK HVLV� 8 Q LY HU VLW\ RI % HOJU DG H� )DFX OW\ RI 0DWK HP DWLFV ������� �LQ 6 HU E LDQ �

>��@ - � .U DWLFD� '� 7 RxVLwF� 9 � )LOLS RY LwF DQ G ,� /MX E LwF� 6 ROY LQ J WK H 6 LP S OH 3 ODQ W /RFDWLRQ 3 U RE �

OHP E \ *HQ HWLF $ OJRU LWK P � 5 $ ,5 2 2SHU DW LRQ V 5 HVHDU FK ����� ������ ��������
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>��@ /�$ �1 � /RU HQ D DQ G ( �/�)� 6 HQ Q H� $ /DJU DQ JHDQ �VX U U RJDWH + HX U LVWLF IRU 8 Q FDS DFLWDWHG

)DFLOLW\ /RFDWLRQ 3 U RE OHP V� VX E P LWWHG WR ,Q W HU Q DW LRQ DO 7 U DQ VDFW LRQ V RQ 2SHU DW LRQ V 5 H�

VHDU FK ������

>��@ 6 � 9 DLWK \ DQ DWK DQ � /�,� % X U N H DQ G 0�$ � 0DJHQ W � 0DVVLY HO\ 3 DU DOOHO $ Q DORJ 7 DE X 6 HDU FK

8 VLQ J 1 HX U DO 1 HWZ RU N V $ S S OLHG WR 6 LP S OH 3 ODQ W /RFDWLRQ 3 U RE OHP V�( XU RSHDQ - RXU Q DO RI

2SHU DW LRQ DO 5 HVHDU FK �� ������ ��������
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